A Gram-reaction-positive, rod-shaped, strictly aerobic and non-motile bacterial strain, designated WS16
The genus Flavihumibacter belongs to the family Chitinophagaceae within the phylum Bacteroidetes, as proposed by Zhang et al. (2010) . At the time of writing, the genus Flavihumibacter comprises a single species, Flavihumibacter petaseus, a Gram-positive, non-motile aerobe that grows as single rods and uses menaquinone-7 (MK-7) as its sole or major respiratory quinone. The major fatty acids (.10 %) are iso-C 15 : 0 , iso-C 15 : 1 and iso-C 17 : 0 3-OH. In this study, a yellow-pigmented bacterial strain, WS16
T , which is considered to represent a Flavihumibacter-like organism on the basis of phylogenetic analysis of 16S rRNA gene sequences, is described with the aim of establishing its exact taxonomic position using a polyphasic approach.
Samples were collected from the sediment of a shallow stream (36 u 499 N 127 u 109 E) in Cheonan, Korea. Sediment samples were inoculated onto R2A agar (Difco) using standard dilution plating techniques and incubated at 25 u C for 3 days. For isolation and purification, strain WS16
T was cultivated on R2A agar at 25 u C and preserved as a glycerol suspension (20 %, v/v, glycerol DNA extraction and sequencing of the amplified 16S rRNA gene were performed as described by Lee et al. (2012) . The identification of phylogenetic neighbours was achieved using the EzTaxon-e identification service (Kim et al., 2012) . Sequences of related species were downloaded and, together with Flexibacter flexilis NBRC 15060 T , used as outgroups. We aligned the most closely related sequences with those of related type strains using BioEdit version 7.0.0 software (Hall, 1999) . Phylogenetic trees were reconstructed using neighbour-joining (NJ; Saitou & Nei, 1987) , according to the Kimura two-parameter model, maximum-likelihood (ML) and Bayesian inference (BI) with MEGA version 5.10 (Tamura et al., 2011) and MrBayes version 3.1.2 (Holder & Lewis, 2003) software. The stability of relationships was assessed by performing bootstrap analyses based on 1000 replications. For 16S rRNA gene sequence analysis, continuous stretches of 1457 bp were obtained. Strain WS16
T showed 96.8 % sequence similarity to F. petaseus T41 T and less than 93.0 % to the type strains of other type species investigated. The ML, NJ and BI trees placed strain WS16 T in the genus Flavihumibacter, most closely related to F. petaseus T41 T (Fig. 1 ).
The Gram reaction was determined using the SigmaAldrich Gram-stain kit according to the manufacturer's instructions (Lee et al., 2009) . Cell morphology was ascertained by light microscopy using a CHT microscope (Olympus) at 61000 magnification, with cells grown on R2A agar at 28 u C for 3 days. Motility was tested by the hanging-drop method (Skerman, 1967) , using light microscopy as above. Gliding motility was tested by observing the spread of colony edges on R2A agar (Perry, 1973) and by microscopic observation of hanging drops of an R2A broth culture (Bernardet et al., 2002) under a CHT microscope. Production of flexirubin-type pigments was investigated using a 20 % KOH test and 0.01 % aqueous solution, according to the minimal standards for the description of new taxa in the family Flavobacteriaceae (Bernardet et al., 2002) . All phenotypic experiments were performed under the same conditions. Catalase and oxidase reactions were determined using the methods described by Smibert & Krieg (1994) . Growth ranges and optima of temperature (4, 10, 15, 20, 25, 28, 30, 35, 37, 45 and 50 uC), pH (pH 5.0-10.0 at intervals of 0.5 pH units) and NaCl tolerance (0-1.0 at 0.5 %, w/v) were determined using R2A agar and broth for 14 days. Tolerance to salinity was tested in R2A agar supplemented with 0-2.0 % (w/v) NaCl at 0.5 % intervals after 14 days of incubation at 28 u C. Anaerobic growth was examined on R2A agar incubated in a jar with the GasPak anaerobic system (BBL). Growth was tested on nutrient agar (NA), eosin methylene blue (EMB) agar, MacConkey agar, xylose lysine deoxycholate (XLD), mannitol salt agar (MSA) and potato dextrose agar (PDA; all from Difco). Hydrolysis of casein, starch, gelatin, cellulose, agarose and DNA was determined using the methods of Smibert & Krieg (1994) . Substrate utilization and enzyme activities were tested using the 20NE, 32GN, 50CHB and ZYM API systems (bioMérieux) according to the instructions of the manufacturer. Genomic DNA was purified following the method of Moore & Dowhan (1995) , and DNA G+C content was determined using the reversed-phase HPLC (Supelco) method of Mesbah et al. (1989) . As a reference strain for G+C content analysis, Escherichia coli KCCM 70086 was obtained from the Korean Culture Center of Microorganisms.
The phenotypic characteristics of strain WS16 T are provided in the species description, highlighting those that distinguish it from related taxa. Furthermore, strain WS16 T can be differentiated from F. petaseus NBRC 106054
T by its distinct growth behaviours on the following media: trypticase soy agar (TSA), EMB agar and pH 8-buffered R2A medium. Slightly different levels of assimilation were observed when the two strains were subjected to the following API 32GN systems: L-rhamnose, glycogen and salicin. The differences between strains WS16 T and F. petaseus NBRC 106054
T were further pronounced in their acid production behaviours. Starkly different levels of acid production from D-arabinose, L-arabinose, D-xylose, L-rhamnose, melezitose and gentiobiose were seen. The isolate exhibited slightly W.-H. Kim, S. Lee and T.-Y. Ahn different acid production from D-ribose and D-fructose compared with that of the reference strain. In addition, differences between strain WS16 T and the related type strain were detected in enzyme activity experiments. In particular, strain WS16
T exhibited no naphthol-AS-BI-phosphohydrolase activity, whereas F. petaseus NBRC 106054 T exhibited strong activity. Phenotypic characteristics supported strain WS16
T as representing a novel species (Table 1) .
For comparative fatty acid analysis, strains WS16 T and F. petaseus NBRC 106054 T were cultivated on R2A agar at 28 u C for 3 days. Cells were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). Fatty acids were analysed by GC (model 6890; Hewlett Packard). Isoprenoid quinones and polar lipids were obtained using the methods of Minnikin et al. (1984) . The fatty acid compositions of strains WS16
T and F. petaseus NBRC 106054 T were distinguishable (Table 2 ). Among the three major components of the cell membranes of the two strains (iso-C 15 : 0 , iso-C 15 : 1 and iso-C 17 : 0 3-OH), their iso-C 15 : 1 compositions were distinct (24.3 versus 16.0 %), but those of iso-C 15 : 0 and iso-C 17 : 0 3-OH were similar. Notably, the overall fatty acid content of strain WS16
T was determined to be four times lower than that of the reference type species, strongly suggesting that the two strains are distinct ( Table 2 ). The only isoprenoid quinone in both strains was MK-7. The polar lipids consisted of phosphatidylethanolamine (PE), an unknown phospholipid (PL), unknown amino lipids (ALs) and an unidentified lipid (L) as major components (Fig. S1 , available in the online Supplementary Material).
On the basis of morphological, physiological and chemotaxonomic characteristics, together with data from 16S rRNA gene sequence comparisons, we conclude that strain WS16
T represents a novel species of the genus Flavihumibacter, for which the name Flavihumibacter cheonanensis sp. nov. is proposed.
Description of Flavihumibacter cheonanensis sp. nov.
Flavihumibacter cheonanensis (che.on.an.en9sis. N.L. masc. adj. cheonanensis pertaining to Cheonan, Republic of Korea, the geographical origin of the type strain).
Cells are Gram-reaction-positive, strictly aerobic rods, approximately 0.9 mm long and 0.5 mm wide, which are non-motile and display non-gliding motility. Growth occurs on R2A agar, NA and TSA, but not on EMB agar, MacConkey agar, XLD, MSA or PDA. Colonies on R2A agar are circular, yellow-pigmented, translucent and 0.1-0.3 and 0.1-0.4 mm in diameter after 3 and 14 days of incubation, respectively. Catalase-and oxidase-positive. Growth occurs at 15-37 u C (optimum, 28 u C), at pH 6.0-8.0 (optimum, pH 7.0) and in the presence of 0-1.0 % NaCl (optimum growth occurs in the absence of exogenous NaCl). Nitrate is not reduced. 
